Electrochemical assembly of ZnO nanostructures in reverse micelle through the modification and influence of the soft template have been successfully performed. It has been found that the morphologies of ZnO are greatly influence by the added Li + or K + rather than current density. The reason is that alkali metal ions will accumulate at the interface of the cathode/solution and influence the flexibility of soft template. As can be seen, only random sheet can be obtained without alkali metal ions while different ZnO nanostructures can be obtained after the addition of alkali metal ions (Li + or K + ). After the addition of Li + , a diverse variety of nanostructures are obtained. This can be due to the existence of Li + ions which makes the soft template more flexible and the ions easier to get through. Then higher nucleation rate is gained for the easier accumulation of ions which contributes to larger polarization over-potential. With the addition of K + , flower-like nanostructures are obtained.
Introduction
In the past decades, soft templates synthesis, has been demonstrated to be efficient approaches in preparing materials for its feasible and precise modulability in controlling the size, shape and crystallinity. [1] [2] [3] [4] [5] [6] [7] Emulsions are a good example of soft templates among which reverse micelle or microemulsion-assisted nanostructured materials synthesis is one of the most popular techniques. 8, 9 Reverse micelle solutions are homogeneous/isotropic systems which consists of three different phase in thermodynamics equilibrium, namely water droplets stabilized in a continuous oil phase with the assistance of a surrounding monolayer of preferentially aligned surfactants and cosurfactants. [10] [11] [12] [13] The idea behind the formation of reverse micelle is simple and straightforward. Amphiphilic molecules with a polar hydrophilic head and a hydrophobic hydrocarbon tail forms an aggregated micro reactor because their polar heads try to shade from the unfavourable interaction with non-polar solvent, when they are dissolved in nonpolar solvent within a critical concentration. 14, 15 These polar cores can be used to store the polar solvent as nano reactors for different purposes and their shapes can be varied by changing the surfactant with different function and geometry, as well as tuning the ratio of surfactant in surfactant (sometimes with cosurfactants)-water-oil systems. [16] [17] [18] Thus these nano reactors have its specific influence on the nucleation and growth of the target material. At the beginning, the template affects the formation of nano particle, but at the end, the formed particle also modifies the template structure.
Traditionally, for the soft template synthesis, usually two different micelles or microemulsion droplets containing two types of reaction precursors are firstly prepared. Then the reaction is enabled once two different droplets fluctuate and collide with each other. The subsequent treatments are the separations of products which is fairly complicated. 6, 19 Therefore, the aim of this study is to extend this type of solution to the supporting electrolyte in which the soft template is directly adhered to an electrode, offers a simple and precise control of the dimension and size of the as-synthesized structures. Our previous work focused on electrochemical synthesis of conducting polymer and transition metal oxide in reverse micelles and their application in supercapacitor. [20] [21] [22] The results indicate that the dispersed soft colloidal template in this kind of novel electrolyte solution contribute to the uniform size distribution of the above materials. Then the nucleation and growth mechanisms of transition metal oxide have been investigated indicating that both the working substrates and current densities have effects on the morphologies obtained. Meanwhile, it has been found that the soft templates are inclined to deform, coalesce and rearrange differently under the electric field with the changing of current densities. 23 Moreover, the different behaviours of the soft template under the electric field can be ascribed to the charged ions within the water phase. So it is of necessity to further investigate into how ion species in the water droplets influence the morphologies of the materials electrochemical assembled in this novel supporting electrolyte.
Zinc oxide (ZnO) is a typical n-type semiconducting material with a wide band gap of 3.37 eV and a large exciton binding energy, which has attracted tremendous attention for its broad application in various fields such as electro-optical switches, chemical sensors, photo-catalysts, and dye-sensitized solar cells. The morphologies and nanostructures of zinc oxide are greatly influenced by the electro-deposition conditions. [24] [25] [26] Up to now, various nanostructures, including nanorods, nanowires, nano-tubes, nanosheets, nanobelts, nanoplates and nanocombs have been obtained in aqueous solution or organic electrolyte. [27] [28] [29] [30] [31] [32] Interestingly, it is found by simply altering the current densities or changing working substrates, a serious of morphologies have been obtained in nonionic surfactant assisted reverse micelle and the specific mechanisms have been evaluated. One of the reasons is the flexibility of the soft templates due to the charged ions within the inner water phase. So it is obvious the ions specious will have effects on their flexibility.
In this contribution, a comprehensive investigation is employed for illustrating the influence of ion species on the nucleation of ZnO and the behaviours of the soft template. It is really interesting that the nanostructure of ZnO is greatly influenced by the added alkali metal ions for the alkali metal ions will accumulate at the interface of the electrode/solution. This wok not only gained an insight into The Electrochemical Society of Japan http://dx.doi.org/10.5796/electrochemistry.83.715 modification of soft template by adding different ions but also showed a broad prospect for reverse micelle into supporting electrolyte. By tuning the composition of water phase, adjusting the current density and so on, rather uniform nanostructures can be obtained.
Experimental

Materials
The nonionic surfactant p-octyl polyethylene glycol phenyl ether (TritonX-100), cosurfactant n-hexanol and n-hexane, Zinc nitrate hexahydrate (Zn(NO 3 ) 2 ·6H 2 O), lithium nitrate (LiNO 3 ), potassium nitrate (KNO 3 ) and nitric acid (HNO 3 ) were used. All chemical reagents used were analytical grade and without further purification. All solutions were prepared with de-ionized water.
Preparation of reverse micelle
The electrochemical bath of water in oil microemulsion (W/O) was prepared by dispersing water droplets with reactant into continuous oil phase, which was in accordance with the previous work. [20] [21] [22] The oil phase contained 60 mL of n-hexane, 60 mL of n-hexanol and 32.1 g of TritonX-100 while the water phase was obtained by dissolving Zn(NO 3 ) 2 ·6H 2 O (0.1 mol/L) and 0.1 mol/L LiNO 3 or KNO 3 as the additive into 0.8 mol/L nitric acid aqueous solution.
Electrochemical assembled of ZnO architecture
ZnO precursors of different morphologies were electrochemically grown onto carbon paper substrates in a three-electrode configuration with Ag/AgCl (with saturated KCl) as reference electrode and a graphite rod of 12 mm in diameter being a counter electrode at room temperature. The carbon paper electrode was obtained by cutting the carbon paper into a 1 cm © 2 cm electrode and washed with de-ionized water and ethanol. The electro-deposition was performed with a CHI 1140A electrochemical workstation. Afterwards, the assembled films were rinsed thoroughly in de-ionized water and ethanol and then dried at 120°C in a vacuum drying oven.
Characterizations and Electrochemical Analyses
The morphologies and microstructures of the assembled films were observed by field emission scanning electron microscopy (FESEM, JEOL, JSM-6701F) and transmission electron microscopy and High Resolution TEM patterns (TEM, JEOL, JEM-2010). Crystal structures were analyzed by X-ray diffraction (XRD, Rigaku, D/max-RB) in the 2ª range of 30-50°at a rate of 5°min ¹1 while the compositions of the surface were characterized by X-ray photoelectron spectroscopy (XPS). XPS was performed on a Kratos AXIS Ultra DLD with monochromatic Al KA (hM = 1486.6 eV). All XPS spectra were corrected according to the C 1s spectra at 284.8 eV. Curve fitting and background subtraction were accomplished using XPSPEAK software. Cyclic voltammetry, potential-time curves (CHI 1140A) and electrochemical impedance spectroscopy (EIS, Solatron 1287/1255B) tests are employed for investigation of the influences of the added alkali metal ions in reverse micro-emulsion.
Results and Discussion
In order to investigate the influences of the added alkali metal ions, the reverse micelle without alkali metal ions are employed. The results without alkali metal ions are shown in Fig. 1 . As can be seen, only random fragment without fixed shape can be obtained and the sheet grew more porous and thinner with the increasing current density.
By addition of different alkali metal nitrates, the assembled ZnO of different current densities shows quite different morphologies which can be seen in Fig. 2 . In this series, all other preparing conditions are the same in all conditions while the charge loadings for all samples are 1000 mC. As shown in Fig. 2a, Fig. 2c and Fig. 2e , with the LiNO 3 added, an interesting phenomenon is found, by simply changing the current densities, quite different and unique nanostructures are obtained. When the applied current density is 1 mA cm ¹2 , rather thick flakes which linked together are observed in Fig. 2a . As revealed in Fig. 2c , the substrate is covered by smaller and thinner sheets with the current density increased to 3 mA cm Electrochemistry, 83(9), 715-720 (2015) and uniform nano spheres are assembled on carbon paper substrates which is shown in Fig. 2e . The formation of all these special and unique morphologies may be due to the more flexible soft template which is modified by the Li + . Differently, when KNO 3 is added, flower-like morphologies are obtained with different current densities being applied, which are shown in Fig. 2b, Fig. 2d and Fig. 2f . But the size and shape are obviously different. ZnO tends to assembled into spherical flower-like morphology with a diameter of about 10 µm and the petals stretch vertical to the substrate which is showed in Fig. 2b . With the increase of current density, the size of the microstructures become smaller and the petals shows a preferential growth parallel to the substrate. When the current density further increased to 5 mA cm ¹2 , the flower-like ZnO even assemble to a much smaller size. The probable reason resulting in this special phenomenon will be discuss hereinafter.
In order to gain further insights into the structural features after the addition of alkali metal nitrates clearly, TEM techniques were employed. Figure 3a, Fig. 3c and Fig. 3e show the specific morphologies after the addition of LiNO 3 . It can be judged from Fig. 3a that with the current density of 1 mA cm ¹2 being applied, the assembled flake shows a rough edge. From Fig. 3c , it can be clearly observed that the thinner sheet shows a square shape. With the increase of current density, the square nano-sheet turns to be nano sphere with a diameter of about 200 nm. The diversity of the assembled ZnO film in the novel electrolyte with the change of current density is quite extraordinary which may be ascribed to the modification of the soft template through Li + . This may not only lead to the change of mass transfer but also result in the versatile behaviours of the soft template. The TEM images of the hierarchical ZnO aggregates under the same current density after the addition of KNO 3 showed a smaller size compared with those morphologies after LiNO 3 added. In Fig. 3b , nanosheet rather than flower-like aggregates are observed. The reason is that the petals of the flower grew in one direction and the compact structure is damaged after dispersion. With the current density increased to 3 mA cm
¹2
, the flower-like morphology with the optional growth of petals can be seen clearly. But when the current density further increased to 5 mA cm ¹2 , the petals of the flower show an orientated growth. Cyclic voltammetry (CVs) and potential-time curves are demonstrated for the further illustration of the influence of alkali metal ions. An obvious difference can be seen in Fig. 4a . The CV curves obtained with the addition of K + showed a higher polarization current than that of Li + being the additive which indicates a faster depolarization ability. So it is deduced with the addition of K + , a rather faster nucleation and growth rate is gained. The potential-time curves with the constant current density of 1 mA cm ¹2 being applied after the addition of different alkali metal ions are shown in Fig. 4b . A relative negative polarization potential is obtained with the addition of Li + which leads to the formation of ZnO with smaller size. So it is inferred that the ion diffusion of alkali metal ions with different radius is of big diversity. Li + is easier to get through the interface and accumulated at the surface of the electrode for its smaller radius which results in the more negative potential and then the formation of smaller nanostructures.
The general scheme of the electro-deposition of ZnO from aqueous zinc nitrate solution has been reported in many works and is supposed as follows:
It has been found that the potential for the reduction of nitrate shift positively in the presence of Zn 2+ for Zn 2+ ion can act as catalysis in this process. So the electrochemical impedance spectroscopy (EIS) is used for investigating the influence of Zn Electrochemistry, 83(9), 715-720 (2015) Figure 5 displays the Nyquist plot, an obvious squashed semicircle was found in the high-frequency region demonstrating the charge transfer resistance of a faraday process. It is found that the charge transfer resistance of the faraday process largely decreased with the addition of Zn 2+ which is in accordance with the results in the conventional electrolyte.
It is inferred that the formation of these special and diverse nanostructures can be ascribed to the elusive thermodynamic and kinetic process for the ions to transfer between multiple phases. In the previous work, one probable mechanism has been proposed that the working substrates and current densities played important roles in affecting the behaviours of soft templates. 23 The reactions at the electrode/reverse micelle interface involve three steps which have been demonstrated in previous work. In this wok, it is found that the flexibility of the soft interface is influenced by the added alkali metal ions. 23 The structure and crystal parameters of the specific ZnO nanostructures obtained through the influence and modification of the soft templates are characterized by XRD spectra. Figure 6 shows the XRD patterns of the electrodeposited ZnO films on carbon substrate in the reverse micelle electrolyte with the addition of different alkali metal ions. It is observed that the four major peaks can be indexed as hexagonal wurtzite structures (hexagonal phase, space group P63mc) according to JCPDS card (No. 36-1451) and the four major peaks are arising from (100), (002), (101) and (102) planes of hexagonal structure indicating that they are polycrystalline. The relative peak intensities for the ZnO film are slightly different after the addition of Li + or K + , indicating differences in their crystallographic orientation.
The surface compositions of the ZnO architectures were analyzed by XPS. The Zn 2p spectrum in Fig. 7a and Fig. 7b shows a similar doublet which attributed to Zn2p 3/2 and Zn2p 1/2 respectively, Electrochemistry, 83(9), 715-720 (2015) indicating the presence of a single Zn 2+ divalent state, corresponding to both Zn(OH) 2 and ZnO. The spin-orbit splitting of 23.0 eV («0.1 eV) is consistent with the literature value of 22.97 eV. 33 But an obvious difference for O1s spectrum are seen in Fig. 7c and Fig. 7d . They are both fitted with three Gaussians peaks which assigned to the O 2¹ ions in Zn-O bonds of the hexagonal wurtzite structure of ZnO, absorbed OH ¹ and NO 3 ¹ on the surface respectively. But the atomic concentrations of the assembled ZnO films showed a little difference which can be observed in Table 1 . This is easy to speculate for the polarization potential showed a significant difference after the addition of Li + and K + . Upon the discussion above, the specific process is schemed, as is shown in Fig. 8 . It is observed that the colloid phases containing reactant are well dispersed in continuous oil phase. When a current is being applied, the droplets fluctuate and collide under the effect of electric field, the anions and cations inside the cores transfer between the adjacent polar aggregates, and thus lead to the deformation and coalescence of the soft template. With different alkali metal ion being added, the reactant ion get through the interface and the electrodeposited ZnO nanostructures tends to assembled into various different morphologies which is showed in the bottom of Fig. 8 .
Conclusions
In summary, a good idea for the electrochemical assembly of ZnO nanostructures through the influence and modification of the soft template has been proposed. It has been found that the flexibility of the templates and morphologies of the ZnO nanostructures are greatly influenced by the added alkali metal ions for the alkali metal ions will accumulate at the interface of the electrode/solution and then influence the nucleation and growth of ZnO. The soft template tends to be more flexible by the addition of Li + compared with that after addition of K + . And then influence the remarkably special transfer of reactant through interfaces of different liquid phases. By addition of K + , ZnO nanostructure tends to assembled into flower like morphologies with different current densities being applied. This work is of great significance not only for the good idea been proposed that the morphologies of the metal oxides can be controlled by the modification of the soft templates in reverse micelle, but also provide a new insight into this kind of unconventional electrolyte. Electrochemistry, 83(9), 715-720 (2015)
